Supplementary Methods
Helheim Glacier is a major outlet of the Greenland Ice Sheet draining an area of ~52,000 km 2 (ref. 1). Its recent behaviour has been under much scrutiny due to reports of acceleration 2, 3, 4 , retreat and thinning 4 found to occur quasi-synchronously with other marine-terminating glaciers in the southeast 1, 4 . As Helheim is the closest major outlet glacier to southeast Greenland's main settlement, Tasiilaq, it has been a primary target of data collection efforts over the last decade.
DEM Error Assessment
The quality of topographic data of a dynamic surface like the calving margin of Helheim
Glacier is difficult to quantify. For the terrestrial imagery, the photogrammetric block adjustment uses measured points and camera calibration information to predict the location and attitude of the cameras whose positions were surveyed with differential global positioning system data (dGPS) providing an indication of the quality of the image block adjustment. The root mean square error (RMSE) of the predicted camera positions (Table S1) were <2m in XY and sub-metre in Z indicating a high relative accuracy between DEMs.
Comparison to dGPS camera positions give the absolute accuracy of the DEMs. Typically, 2 error due to the image correlation stage of DEM generation is evaluated by comparing the data to a ground truth data set, which is of course not available here. Therefore, we conservatively estimate the error of our DEMs at ±5 m in the vertical and ±5 m horizontal at the calving front but degrading quickly with distance from the cameras. We base these estimates on the block adjustment results and the ability of our DEMs to resolve the daily flow of the glacier which is expected to be ~20 m day -1 .
Bed Topography
Glacier behaviour is largely driven by bed topography especially at the marine terminus 5 .
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